This contribution is aimed at describing the most recent activity carried out in the labs of ISC-CNR Florence concerning preparation and spectroscopic investigation of two dimensional silver and gold metal nanostructures (metal nanoisland films -MeNIFs), with particular focus on the role played by the morphology of the metal dielectric interfaces on the control and enhancement of the properties of different molecular adsorbates, i.e. fluorescence emission and Raman response. In particular, it shows how the fabrication procedure of Au nanoisland films permits fine tuning of the extinction spectrum of the nanostructures and controlled enhancement of the Raman response of a novel thiol-functionalized fluorophore.
INTRODUCTION
Nanostructured films of noble metals have been the subject of intense research activity in the past 10 years, for their unique ability of intensification of the chemico-physical properties of molecular adsorbates. For example, proper nanostructuring generates SERS-active substrates, that is substrates which can enhance by several orders of magnitude the Raman response of a molecular adsorbate. Due to the formation of hot spots, the subsequent field localization permits to increase the sensitivity down to single molecule spectroscopy [1] , [2] . In the case of fluorescence, proper nanostructuring of the metal permits manipulation of the extinction spectrum of the substrate and, as a consequence, observation of Metal Enhanced Fluorescence (MEF) of adsorbed fluorophores, when the scattering band of the metallic substrates and the emission band of the molecule overlap [3] . The previous structures can be either ordered, such as regular bidimensional arrays of metal nanoparticles, or disordered. In the second case, they are known as metal nanoisland films (MeNIFs) and are advantageous in terms of speed and ease of fabrication.
This contribution presents some examples of applications of MeNIFs to different molecular compounds and shows how the properties of MeNIFs can be tuned and optimized for different applications by simple experimental procedures. MeNIFs are typically made of Ag or Au. They can be obtained by controlled high vacuum evaporation and consist in a random aggregation of metal nanoislands. They are non conducting, non reflecting and highly coloured. Figure 1 shows the AFM image (a) and extinction spectrum (b) for a freshly evaporated AgNIFs, respectively. The sample exhibits a red colour [4] . In the past, we have used similar structures to achieve real-time monitoring of either the degradation mechanisms of Organic Light Emitting Diodes [5] , or the UV polymerization of monomolecular layers of diacetylene [6] by means of Raman spectroscopy. In the latter case, we could demonstrate that self assembled monomolecular layers (SAM) of diacetylene CDS9, which chemisorbs onto Ag due to Ag-S covalent linking, could be efficiently polymerized by 254 nm UV exposure. Raman spectroscopy also permitted recognition of different polymer phases and detection of the molecular arrangement onto the metal substrates.
MeNIFs AND THEIR APPLICATIONS

Figure 2. Raman spectra of SAMs of CDS9 onto different Ag films. Excitation: 488 nm.
In particular, Fig. 2 shows the Raman results obtained with three samples exposed to the same UV dose: i) a smooth, continuous Ag film (C); ii) a very rough continuous Ag film (A); iii) a smooth, red-coloured AgNIF (B). While spectrum C is scarcely visible, due to lack of SERS enhancement, spectra A and B are well resolved, due to the SERS effect provided by the nanostructuring of the Ag layer. A is the most intense spectrum, due both to the enhancement caused by the strong roughness and to the high coverage, provided by the continuity of the metal film. However, in spite of the low coverage due to the high density of voids contained in the AgNIF, the Raman signal of sample iii) is rather intense. Moreover, while the red, less ordered phase of poly-CDS9 is predominant in spectrum A (band at ∼1515 cm -1 ), the blue phase is predominant in spectrum B (band at ∼1460 cm -1 ), suggesting that the film smoothness favours the ordering of the polymer and, as a consequence, its conjugation. Although in the majority of applications it is useful to anchor the islands by previous silanization of the glass or quartz substrate, however, for some applications, it can be more interesting to leave the islands mobile. In such cases, proper incubation with solvents can change their aggregation route and result in different morphology and optical characteristics, which can be tuned in a controlled way. As an example, Fig. 3 shows the AFM images of the Ag sample of Fig. 1a (a) and of a AuNIF (b) after incubation in a chloroform solution of a bichromophoric antenna system consisting of a donor naphthalene group and an acceptor benzofurazan group [4] . The reorganization capabilities of mobile Ag or Au nanoislands allowed observation of the fluorescence and of the FRET effect of SAMs of such antenna consisting. Furthermore, our experimental tests were in agreement with the prediction that the most efficient emission is obtained when the scattering band of the extinction spectrum of the MeNIF overlaps with the emission band of the fluorophore. Indeed, in the case of AgNIFs, antenna functionalized Ag particles with diameters up to 200 nm were observed after reorganization (Fig. 3a) . Their contribution to the scattering in the extinction spectrum of the sample (red curve in Fig. 4 ) exhibited a good overlap with the fluorophore emission (green curve in Fig. 4) . In contrast, in the case of AuNIFs, such overlap was not achieved and the typical extinction spectrum (blue curve in Fig. 4 ) was considerably red shifted from fluorophore emission, thus reducing the overall fluorescence of the composite samples [4] . 
Figure 4. Extinction spectra of antenna-coated Ag (red curve) or Au (blu curve) NIFs and antenna emission for excitation at 470 nm (green curve).
RAMAN SPECTROSCOPY OF FLUORESCENT MONOMOLECULAR LAYERS ON AuNIFs
Figure 5. Chemical structure of 4-[2-(4-Diethylamino-phenyl)-vinyl]-1-(12-mercapto-dodecyl)-pyridinium (PF223).
The presence of a thiol group suggests that the molecule chemisorbs onto AuNIFs through the S atom. It is confirmed by the wide SERS band in the 280-290 cm -1 observed in Fig. 6a (black curve), which is assigned to Ag-S stretching vibrations [7] , [8] and is absent in the Raman spectrum of the same compound as powder sample (blue curve in Fig. 6a) . Figure 6b shows the complete SERS spectra of PF233 chemisorbed onto different AuNIFs, with nominal thickness varying from 1.2 to 6 nm. As reported in Table 1 , the Raman response increases with increasing film thickness up to 4.5 nm and decreases beyond this value. Fig. 7 , the extinction spectrum of the 4.5-nm-thick film is fairly tuned with the exciting wavelength used for the Raman spectroscopy. 
CONCLUSIONS
We have shown several applications of MeNIFs, aimed at enhancing the Raman or fluorescence response of different molecular adsorbates. The films were prepared by controlled high vacuum evaporation and subsequent incubation in solutions of the compounds under characterization. The absence of substrate silanization provided an additional degree of freedom to the fabrication procedure, allowing island mobility during incubation. In the case of Ag or Au NIFs, it permits fine tuning of the extinction spectrum of the NIFs, which rules the enhancement of the Raman or fluorescence response of SAMs chemisorbed onto the metal.
